ABSTRACT Three 49-d experiments (Exp 1, 2, and 3) with broilers in floor pens were conducted to test the applicability of nonphytin phosphorus (NPP) requirements and the NPP-sparing effect of phytase (PHY) and 25-hydroxycholecalciferol (25D) determined previously in battery Exp. Six dietary NPP treatments were tested using a 4-phase feeding program. Treatments 1 to 6 were NRC (1994) NPP (C); University of Maryland (UMD) NPP; UMD NPP -0.064% (UMD+PHY); UMD NPP -0.09% (UMD+PHY+25D); NRC -0.10% (C+PHY), and 90% UMD NPP (NC), respectively. Treatments 3, 4, and 5 had 600 U of PHY/kg of diet. Treatment 4 also had 70 µg of 25D/kg of diet; NPP concentrations were reduced to account for the sparing effect of these additives. No differences in hatch to 49 d BW were observed between
INTRODUCTION
Recent emphasis on the impact of animal agriculture on the environment has renewed interest in reducing nutrient excretion. Special interest has been given to P nutrient management, and several strategies have been developed that reduce P excretion by broiler chickens. Among these strategies, the 2 most important are 1) determining P requirements for the modern broiler under current management practices Dhandu and Angel, 2003) such that diets can be formulated to meet those requirements and 2) correctly using feed additives that increase the availability of feed P.
Current information on P requirements of broilers (Angel et al., 2000a,b; Ling et al., 2000; Waldroup et al., 2000; Yan et al., 2000; Dhandu and Angel, 2003) shows that the National Research Council (NRC, 1994) recommendations exceed the requirements of modern broiler chickens. NRC (1994) recommendations for nonphytin P 2005 Poultry Science Association, Inc. Received for publication November 4, 2004. Accepted for publication March 6, 2005. 1 To whom correspondence should be addressed: rangel@umd.edu. 1031 treatments in Exp 1 and 2, and only in Exp 3 were the BW of the NC broilers (2.86 kg) different (P < 0.05) from those fed the C, UMD, and UMD+PHY treatments (2.96, 2.94, and 2.98 kg, respectively). Cumulative NPP consumption per bird was lowest (P < 0.05) for broilers fed the UMD+PHY+25D treatment (8.65 g in Exp 3) compared with those fed the C, NC, UMD, and UMD+PHY treatments (18.19,10.60, 13.63, and 11 .01 g, respectively for Exp 3). Application of any of these treatments reduced total P and NPP consumption compared with C. The results of this series of floor pen Exp validate the UMD NPP recommendations for a 4-phase feed program and the PHY and 25D NPP-sparing effects observed in battery trials without negatively affecting broiler performance.
(NPP) in a 3-phase feeding program are based on research published between 1952 and 1983. Modern broilers differ from older broiler strains in their performance (Havenstein et al., 1994) and bone conformation (Williams et al., 2000) . Also, increasing the number of feed phases (O'Rourke et al., 1952; Dhandu and Angel, 2003) above the 3 recommended by NRC (1994) allows for formulation of diets that more closely meet the changing NPP requirements of the growing broiler. Work published by Angel et al. (2000a,b) , Ling et al. (2000) , and Dhandu and Angel (2003) established NPP requirements for broilers fed in a 4-phase feeding program. Feeding diets formulated to more closely meet the broiler's requirements reduces P excretion Yan et al., 2000, Dhandu and .
A second strategy for reducing excreta P is to use feed additives that improve dietary P utilization. Numerous studies have shown that fungal phytase (PHY), used as a feed additive, increases availability of phytin P in broiler diets (Nelson et al., 1976; Simons et al., 1990; Denbow et al., 1998; Angel et al., 2001) . Efficacy of commercial PHY has been established (Kornegay, et al., 1996; Angel et al., 2001; Yan et al., 2001) . Kornegay et al. (1996) reported an equivalency of 0.1% P, when using deflourinated phosphate as the standard, for 939 units (U) 2 of Aspergillus ficum PHY (Natuphos) 3 per kilogram of diet. More recently, Angel et al. (2001) reported an equivalency or sparing effect of 0.064% NPP, when using monocalcium phosphate as the standard, for 500 U of Aspergillus ficum PHY (Natuphos) per kilogram of diet. Because PHY makes phytin P more available to broilers, NPP should be reduced in diets containing PHY to reflect the increased P availability.
Metabolites of vitamin D 3 , such as 25-hydroxycholecalciferol (25D; Applegate et al., 2003; Angel et al., 2001 ), 1α-hydroxycholecalciferol (Biehl et al., 1995; Biehl and Baker, 1997) , and 1, 25-dihydroxycholecalciferol (Roberson and Edwards, 1994; Mitchell and Edwards, 1996a,b; Biehl and Baker, 1997) , increase the availability of phytin P when used alone or in combination with PHY. According to Angel et al. (2001) , inclusion of 500 U of Aspergillus ficum PHY (Natuphos) and 70 µg of 25D (Hy-D) 4 per kilogram of diet is equivalent to 0.09% NPP from monocalcium phosphate. Mitchell and Edwards (1996a) reported that 600 U of Aspergillus ficum PHY (Natuphos) and 5 µg of 1,25-dihydroxycholecalciferol are equivalent to 0.20% inorganic P from dicalcium phosphate.
Previous research to determine the P-sparing effect of PHY and vitamin D 3 metabolites in broilers has been conducted during the starter phase in battery pens (Sebastian et al., 1996; Mitchell and Edwards, 1996a,b; Biehl and Baker, 1997; Zanini and Sazzad, 1999; Waldroup et al., 2000; Angel et al., 2001) . Floor pen studies applying these NPP-sparing effects are limited in broilers grown to market weight.
The objective of this research was to test the applicability of the NPP requirements (Angel et al., 2000a,b; Ling et al., 2000; Dhandu and Angel, 2003) and P equivalencies of PHY and 25D developed in battery Exp (Angel et al., 2001 ) to conditions simulating commercial broiler rearing systems. The results of broiler performance responses to dietary treatment are reported in this paper. A companion paper will report the findings for litter P, bone parameters, and processing losses.
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A phytase unit is defined as the amount of enzyme required to liberate 1µmol of inorganic P from 1.5 mM Na phytate at pH 5.5 and 37°C (Engelen et al., 1994 
MATERIALS AND METHODS

General
The procedures used in the broiler studies were approved by the Institutional Animal Care and Use Committee. Three 49-d floor pen Exp (Exp 1, 2, and 3) were conducted sequentially using male Ross 308 broiler chickens obtained from a commercial hatchery on the day of hatch (d 1). Fifty-six broilers were allocated randomly to each of 55 pens (0.074 m 2 /bird). Fresh pine shavings were weighed into each pen at the start of Exp 1. The experimental design and assignment of treatments to pens for all 3 Exp were identical. A 4-phase feeding program was followed: starter (hatch to 18 d), grower (18 to 32 d), finisher (32 to 42 d), and withdrawal (42 to 49 d). Starter diets were crumbled, except for the starter diets used in the first 14 d of Exp 1, which were fed as mash due to temporary problems with the pellet crumbling system. All other diets were pelleted. Diets were formulated to meet NRC (1994) nutrient recommendations for all nutrients except NPP and Ca. Six dietary treatments (TRT) were used: control (C), University of Maryland (UMD), UMD + phytase (UMD+PHY), UMD + phytase + 25D (UMD+PHY+25D), control + phytase (C+PHY), and negative control (NC) ( Table 1) . Each TRT was fed to 9 replicate pens of chickens, except the NC TRT, which was fed to 10 pens. The diets in the C TRT were formulated to meet NRC (1994) NPP recommendations from hatch to 49 d. The NPP and Ca concentrations in UMD TRT diets were based on NPP requirements established primarily in battery trials (Angel et al., 2000a,b; Ling et al., 2000; Dhandu and Angel, 2003) . For diets in the UMD+PHY TRT, PHY [600 U/kg of diet; Ronozyme P (CT)
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] was added to diets that contained UMD NPP concentrations reduced by 0.064% to account for the sparing effect of 600 U of PHY/ kg of diet (Angel et al., 2001) . Diets in the UMD+PHY+25D TRT contained PHY [600 U/kg of diet; Ronozyme P (CT)] and 25D (70 µg /kg of diet; Hy-D) and had UMD NPP concentrations reduced by 0.090% to account for the sparing effect of both additives (Angel et al., 2001) . The NPP concentrations of the diets in the C+PHY TRT mimicked current broiler industry practice of reducing NRC (1994) NPP by 0.1% when PHY is added. The NPP concentrations in NC TRT diets were 90% of those used in the UMD TRT diets.
In previous work, when sparing effects of PHY and 25D were determined (Angel et al., 2001) , diets were fed in mash form. A preliminary study to determine losses of PHY activity due to pelleting was conducted using a pellet mill (California Pellet Mill 6 ) where the experimental diets were made. This preliminary study was conducted under conditions normally used at this plant (2 ton run, 82.2°C and 20-s conditioner temperature and time) with a pelleting rate of 22 min/ton, average pellet temperature taken at pellet die exit was 82.1°C (SD 3). The results of this preliminary study indicated that pelleting at 82°C resulted in, on average, 15% (SD 2) loss of activity of the PHY used in these Exp. Therefore, the concentration of NPP was determined by subtracting analyzed phytin P from analyzed total P. Analyzed phytin P (%; mean ± SD) in the starter, grower, finisher, and withdrawal diets was 0.30 ± 0.0008, 0.28 ± 0.001, 0.26 ± 0.003, and 0.26 ± 0.0004, respectively, in Exp 1; 0.30 ± 0.0006, 0.26 ± 0.002, 0.26 ± 0.0009, and 0.27 ± 0.003, respectively, in Exp 2; and 0.27 ± 0.0009, 0.28 ± 0.0004, 0.28 ± 0.002, and 0.24 ± 0.0007, respectively, in Exp 3. Formulated Ca (%) in the starter, grower, finisher, and withdrawal phases was 0.91, 0.81, 0.71, and 0.61%, respectively, for all 3 Exp. Analyzed Ca (%; mean ± SD) in the starter, grower, finisher, and withdrawal phases was 0.93 ± 0.02, 0.66 ± 0.05, 0.70 ± 0.1, and 0.59 ± 0.04, respectively, in Exp 1; 0.92 ± 0.01, 0.80 ± 0.08, 0.65 ± 0.07, and 0.57 ± 0.06, respectively, in Exp 2; and 0.95 ± 0.02, 0.84 ± 0.07, 0.69 ± 0.06, and 0.62 ± 0.04, respectively, in Exp 3. Results from Exp 1 and 2 showed that NPP concentrations in finisher and withdrawal phases were not sufficiently low in the NC treatment; therefore, NPP concentrations were reduced to 0.16 and 0.10% vs. 0.21 and 0.16%, respectively.
Formulated phytase activity in pelleted diets containing phytase was 600 U/kg of diet.
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Diets with 25D were formulated to contain 70 µg of 25-hydroxycholecalciferol/kg diet for all the phases. The analyzed concentrations (µg/kg of diet) in starter, grower, finisher, and withdrawal phases was 79, 62, 72, and 71, respectively, in Exp 1; 55, 56, 80, and 63, respectively, in Exp 2; and 52, 89, 94, and 93, respectively, in Exp 3. PHY added to the diets in these Exp was increased by 15% to 690 U PHY/kg of diet so that the desired concentrations of 600 U of PHY/kg of diet could be met in the pelleted feed. PHY was added based on an analyzed product batch concentration of 3,060 U of PHY/kg of Ronozyme P (CT) and the same batch of PHY was used in the 3 Exp. Formulated diet Ca concentrations were 0.91, 0.81, 0.71, and 0.61% for the starter, grower, finisher, and withdrawal phases based on previous research (Angel et al., 2000a,b; Ling et al., 2000: Dhandu and was included at 0.05% in all diets except those of the withdrawal phase. Oroglo 9 was added to the grower, finisher, and withdrawal diets at 0.10, 0.15, and 0.20% in all Exp to achieve the skin coloration desired in the East Coast market so that the chickens could be sold at the end of the Exp. Birds were provided ad libitum access to feed and water.
Mortality was checked twice daily, and BW of dead chickens was used to correct BW gain, feed consumption, and feed to gain ratio (FE). Dietary NPP intake was calculated based on determined NPP, and feed intake was normalized to 90% dry matter. The ratio of NPP consumed to gain (NPP to gain, g/kg) was calculated with the normalized NPP consumed. Analyzed PHY and normalized feed intake were used to calculate PHY intake.
Exp 1
For each phase, a basal diet (Table 2 ), formulated to meet or exceed NRC (1994) recommendations for all nutrients except NPP and Ca, was mixed. The basal diet was analyzed for TP (Heinonen and Lahti, 1981) , phytin P Nonphytin P (NPP) was determined by subtracting analyzed phytin P from analyzed total P. (Rounds and Nielsen, 1993 ; as modified by Newkirk and Classen, 1998) , and Ca by atomic absorption spectroscopy 10 (Perkin-Elmer, 1992). The basal diet NPP was determined by subtracting analyzed phytin P from analyzed TP. Based on the analyzed TP and phytin P in the basal diets, experimental diets were formulated and mixed by supplementing the basal diet with monocalcium phosphate, calcium carbonate, PHY, 25D, and powdered cellulose 11 to achieve the desired treatment concentrations of NPP, Ca, PHY, and 25D. All of the P in monocalcium phosphate was considered to be NPP. In Exp 1, due to a miscalculation in the amount of finisher diet needed, the finisher phase was shortened from 32 to 42 d to 32 to 39 d; consequently the withdrawal phase was lengthened to 10 d from 7 d.
Exp 2 and 3
The starter phase diets in Exp 2 were formulated as those in Exp 1, but due to larger than expected differences between formulated and analyzed nutrient concentrations in Exp 1, diet formulation and preparation was changed in Exp 2 and 3 to a 2-basal blend system. High and low P basal diets, which met or exceeded NRC (1994) recommendations for all nutrients except NPP and Ca, 10 Model 5100, Perkin Elmer, Norwalk, CT.
11
Solka-Flock, International Fiber Corp., Urbana, OH.
were formulated and mixed (Table 3) . Basal diets were analyzed for Ca, TP, and phytin P, and NPP was determined as described in Exp 1. Experimental diets were prepared by mixing high and low P basal diets in appropriate ratios, based on analyzed values, to obtain desired concentrations of NPP. A PHY premix was made for each phase with a small amount of low P basal. For the UMD+PHY+25D TRT diets, 25D was added to the PHY premix.
Diet Analysis
Basal diets were analyzed for crude protein, moisture, and ether extract (AOAC, 1990) . Moisture, Ca, TP, phytin P, and NPP were determined in experimental diets as described previously. Dietary PHY in the commercial product, as well as in the diets, was analyzed according to the procedures of Engelen et al. (1994) , and 25D in diets was determined according to the procedure described by Hollis et al. (1993) .
Statistical Analysis
The experimental design was a completely randomized block with unequal replication. Broiler house wing was used as a blocking factor, and pen served as the experimental unit. The model used was Nonphytin P (NPP) determined by subtracting analyzed phytin P from analyzed total P.
where Y ij = measured or determined parameter, µ = overall mean, τ i = main effect of treatment, ρ j = random blocking variable (house wing), and e ij = random error term. Analysis of variance (Steele and Torrie, 1980) was conducted using the mixed procedure of SAS (Statistical Analysis System, 2000) . When the overall model was significant (P ≤ 0.05), differences among means were separated using the least significant difference test (Sokal and Rohlf, 1996) . Mortality data were transformed with the arc sine function prior to statistical analyses (Snedecor and Cochran, 1980) and are presented following transformation back to percentage.
RESULTS
The analyzed and determined concentrations of dietary NPP, phytin P, Ca, crude protein, ether extract, PHY, and 25D are presented in Tables 1, 2 and 3. All analyzed and determined nutrient concentrations are normalized to 90% DM.
Starter Phase (Hatch to 18 d of Age)
In Exp 1, 2, and 3, the 18 d BW averaged 0.51, 0.50, and 0.49 kg, respectively. No TRT differences were observed in 18 d BW, gain, or feed intake in any of the Exp (Table 4) . In Exp 2, broilers fed the C, UMD+PHY and C+PHY TRT had better FE (P ≤ 0.05) than those fed NC, but no differences were observed in Exp 1 and 3. In all Exp, broilers fed UMD+PHY+25D consumed less (P ≤ 0.05) NPP and TP than those fed C, UMD, and UMD+PHY (Table 4) . Broilers fed C or UMD consumed more NPP per kilogram of gain (P ≤ 0.05) than those fed UMD+PHY, UMD+PHY+25D, or C+PHY (Table 4) .
Grower Phase (18 to 32 d of Age)
The average 32 d BW in Exp 1, 2, and 3 were 1.60, 1.53, and 1.54 kg, respectively. No differences in performance of broilers fed C, UMD, or UMD+PHY (Table 5) in any of the Exp were detected, despite lower NPP and TP consumption by broilers fed the UMD and UMD+PHY versus those fed the C TRT during this phase. Only in Exp 3 were 32 d BW and gain of broilers fed the UMD+PHY+25D TRT less than that of broilers fed C, C+PHY, and UMD+PHY. In Exp 1 and 3, broilers fed the NC TRT gained less (P ≤ 0.05) than those fed the C TRT, but this was not true in Exp. 2, probably due to greater NPP consumption (5.07 g) in Exp 2 compared with that in Exp 1 (4.46 g) or Exp 3 (4.15 g). Greater consumption was the result of greater NPP content in the NC grower diet in Exp 2 than was formulated. Broilers fed the C TRT consumed more NPP and TP than those on any other TRT. Broilers fed the UMD+PHY+25D TRT in Exp 2 and 3 consumed the least NPP per unit of gain, but in Exp 1 broilers fed UMD+PHY TRT had a lower ratio for NPP consumed to gain.
Finisher Phase
The BW at 39 d in Exp 1 was 2.14 kg and at 42 d in Exp 2 and 3 were 2.36 and 2.40 kg, respectively. In Exp 1, there was no effect of TRT on performance, but there was an effect on NPP and TP consumed and NPP consumed to gain ratio (Table 6 ). There was no effect of TRT on FE in any of the Exp (Table 6 ). In Exp 2 and 3, 42 d BW of broilers fed UMD+PHY TRT was greater than that of those fed the NC TRT but was not different from broilers fed the C TRT. In Exp 2, 42 d BW of broilers fed UMD+PHY TRT was greater than that of those fed C+PHY TRT, yet grams of NPP consumed per unit of gain was less in broilers fed UMD+PHY. In all Exp, broiler chickens fed theUMD+PHY+25D TRT consumed the least NPP (overall mean = 1.95 g/b) and consumed the least amount of NPP per unit gain.
Withdrawal Phase (39 to 49 d of Age Exp 1; 42 to 49 d of Age, Exp 2 and 3)
Average BW of 49 d broilers were 2.88, 2.91, and 2.93 kg in Exp 1, 2 and 3, respectively, and there was no effect of TRT on performance except in Exp 3 (Table 7) . Specifically, 49 d BW of broilers fed the NC TRT in Exp 3 was less than that of those fed C, UMD, UMD+PHY, and C+PHY TRT, possibly because of the reduction of dietary NPP in the NC TRT withdrawal diet from 0.16% in Exp 1 and 2 to 0.10% in Exp 3. The 49 d BW of broilers fed the C and UMD TRT were similar, even though grams of NPP consumed per unit of gain was greater for broilers fed the C TRT. Similarly, although there was no difference in the performance of broilers fed the UMD+PHY or C+PHY TRT, grams of NPP consumed and consequently grams of NPP per kilogram of gain were greater in broilers fed the C+PHY TRT.
Cumulative (Hatch to 49 d of Age)
Hatch to 49 d gain of broilers fed the C, UMD, UMD+PHY, and C+PHY TRT was greater than that of broilers fed the NC TRT in Exp 3 but was not different in Exp 1 and 2, most likely because of the reduction in dietary NPP concentration in the finisher and withdrawal phases in Exp 3 compared with that in Exp 1 and 2 (Table  8) . In Exp 1 and 3, broilers fed the UMD+PHY TRT had better FE than those fed the NC TRT. Broilers fed the UMD+PHY+25D TRT consumed the least amount of NPP and TP compared with those fed any other TRT (Table  8) . There was no difference in the amount of NPP consumed per kilogram of gain by broilers fed the UMD or C+PHY TRT in Exp 1 and 3, but in all Exp grams of NPP consumed per unit gain by broilers fed the C+PHY TRT was greater than that of those fed the UMD+PHY TRT. The average mortalities in Exp 1, 2, and 3 were 5.24, 7.14, and 7.99%, respectively, and there were no TRT differences in mortality in any of the Exp (Table 9) . Values within a column and an experiment with different superscript letters differ (P ≤ 0.05). 
DISCUSSION
Cumulative
Cumulative data indicate that there were no deleterious effects on performance by feeding closer to P requirement with or without the addition of feed additives, as there was no difference in the performance of broilers fed the C, UMD, or UMD+PHY TRT. The analyzed NPP consumed from hatch to 49 d in Exp 1, 2, and 3 for the C+PHY TRT were 12.30, 13.19, and 13.45 g/bird, respectively, and for the UMD+PHY TRT were 10.41, 11.10, and 11.01 g/bird, respectively. Because there was no difference in performance of broilers fed either TRT, excess consumptions of NPP by broilers fed the C+PHY TRT were 1.89, 2.09, and 2.44 g/bird in Exp 1, 2, and 3, respectively. In all Exp, broilers fed UMD+PHY+25D TRT consumed the least cumulative NPP and TP and demonstrated a better ratio of NPP consumed to gain. The BW at 49 d for broilers fed the UMD+PHY+25D TRT was less than that of broilers fed the C TRT only in Exp 3 in which the formulated and analyzed NPP concentrations differed most such that actual NPP consumed by broilers fed the UMD+PHY+25D TRT was less in Exp 3 than in Exp 1 and 2 (8.65, 9.19, and 9.61 g/bird from hatch to 49 d, respectively). This suggests that the UMD+PHY+25D TRT diets, as formulated, are very close to requirements, and thus a margin of safety based on specific production practices should be applied.
Application of the UMD NPP requirement concentrations (Angel et al., 2000a,b; Ling et al., 2000; Dhandu and Angel, 2003) in floor pen Exp that simulated industry conditions resulted in no deleterious effect on performance and average reductions, over the 3 Exp, of 12.8 and 23.6% in the amount of TP and NPP consumed as compared with NRC (1994) NPP recommendations (C TRT). The amount of NPP required per kilogram of gain was thus reduced by an average of 23.1% over the 3 Exp. These decreases in TP and NPP consumed were, in part, the result of lower dietary concentrations of inorganic P (from monocalcium phosphate) fed and consumed. Others have found that NPP concentrations lower than those Values within a column and an experiment with different superscript letters differ (P ≤ 0.05). recommended by NRC (1994) can be fed to broilers without affecting performance (Rama Rao et al., 1999; Waldroup et al., 2000; Yan et al., 2001 Yan et al., , 2003 Dhandu and Angel, 2003) .
Application of the NPP equivalencies or sparing concentrations for PHY and 25D previously determined in short-term, starter phase battery pen trials (Angel et al., 2001 ) to floor pen Exp that simulated industry conditions resulted in average reductions across the 3 Exp of 21.0 and 27.1% TP consumed for broilers fed the UMD+PHY and UMD+PHY+25D TRT, respectively, compared with the C TRT. Averaged across the 3 Exp, NPP consumption was reduced by 38.5 and 48.0% in broilers fed the UMD+PHY and UMD+PHY+25D TRT, respectively, compared with that of broilers fed a diet that reflected NRC-recommended (1994) NPP concentrations (C TRT). No negative impacts on any measured performance traits were observed except in Exp 2 and 3 in which broilers fed the UMD+PHY+25D TRT were lighter at 49 d than those fed the C TRT. In Exp 2 and 3 actual analyzed diet NPP concentrations were less than formulated, resulting in diets in which dietary inclusions of PHY and 25D could not overcome the NPP deficit.
Published efficacies for PHY (Kornegay et al., 1996; Ravindran et al., 2000; Waldroup et al., 2000; Zhang et al., 2000) and 25D (Biehl et al., 1998; Angel et al., 2001; Edwards, 2002) as determined in short-term starter battery Exp and floor pen experiments (Yan et al., 2001 (Yan et al., , 2003 suggest that a substantial amount of inorganic P can be removed from the diet when these feed additives are used alone or in combination (Biehl et al., 1995; Angel at al., 2001 ) without affecting broiler performance. The study presented here supports the use, under the simulated commercial conditions specified, of the efficacies or NPPsparing concentrations of PHY (0.064% NPP) and PHY+25D (0.09% NPP), based on use of monocalcium phosphate as the inorganic P source spared, as determined by Angel et al. (2001) .
Given the proven ability of PHY (Nelson et al., 1976; Van der Klis and Versteegh, 1996; Denbow et al., 1998; Angel et al., 2001 ) and 25D (Biehl et al., 1998; Angel et al., 2001; Edwards, 2002) to increase the availability of Values within a column and an experiment with different superscript letters differ (P ≤ 0.05). phytin P, if these feed additives are added "correctly" to diets, improved TP utilization in seed-based diets (cornsoybean meal based) is observed. "Correct" use of these feed additives, when they are being used to improve phytin P utilization in broiler diets, implies that (1) the diets be reduced in their NPP and TP contents to reflect the correct NPP-sparing effect of the feed additives and (2) the starting NPP diet concentration before the NPP reductions are applied should be as close to the NPP requirement as possible.
In the C+PHY TRT diets PHY was added to diets that contained NPP concentrations above requirements (NRC, 1994; C TRT diets), and dietary NPP was reduced to reflect the commercial sparing recommendation of 0.1% NPP. Feeding this diets reduced TP consumed over the 3 Exp by14.9% as compared with that of the broilers fed the C TRT, but no difference in the reduction in TP consumed was observed between broilers fed at requirements (UMD) and those fed the C+PHY TRT diets (12.8 and 14.9% NPP intake reduction compared with the C TRT). Performance was similar among these 3 TRT in all Exp.
Starter Phase
In the starter phase there was no effect of TRT on performance in any of the Exp, supporting the validity of the NPP concentrations applied (UMD NPP recommendations as well as PHY and 25D sparing concentrations as determined in short-term battery trials (Angel et al., 2000a (Angel et al., ,b, 2001 Ling et al., 2000; Dhandu and Angel, 2003) . Others have reported similar performance for broiler chickens fed adequate NPP diets (at or above NRC, 1994) or those fed diets with PHY and reduced NPP (Sebastian et al., 1996; Waldroup et al., 2000) .
In all Exp, 18 d BW of broilers fed the UMD+PHY+25D TRT was not different from that of broilers on the C TRT. These results support previous work that showed improved use of diet TP and NPP when vitamin D metab- Values within a column and an experiment with different superscript letters differ (P ≤ 0.05). olites were used (Roberson and Edwards, 1994; Mitchell and Edwards, 1996a; Biehl and Baker, 1997) . There was no effect of TRT on performance, yet a significant effect on NPP and TP consumed indicates that, for the same amount of gain and feed intake, broilers fed PHY or 25D, with an appropriate reduction in dietary NPP, performed better and made better use of dietary P than the broilers fed NRC (1994) recommended concentrations. This is even more evident in the NPP to gain ratio, with broilers fed the C TRT consuming more grams of NPP per kilogram of gain compared with those fed diets with feed additives. A note of caution is warranted when only performance is being measured because performance is not a very sensitive indicator of mineral sufficiency (Skinner et al., 1992a,b; Dhandu and Angel, 2003) and the need for dietary NPP is greatest in the starter phase when broilers are forming or developing their bone structure (Williams et al., 2000) .
Grower Phase
In the grower phase of all the Exp there was no difference in performance of broilers fed C, UMD, or UMD+PHY TRT, indicating that NPP could be reduced from the NRC (1994) concentrations to the UMD concentrations and that UMD concentrations could be further reduced with the addition of PHY without any deleterious affects on performance. Broilers fed the UMD, UMD+PHY, UMD+PHY+25D, or NC TRT, from hatch to 32 d, consumed 7 g or less NPP, whereas those fed the C TRT had consumed 7. 6 g of NPP, yet only broilers fed the NC TRT had consistently lower BW at 32 d. The difference between Exp may be explained by differences in cumulative NPP consumed per gain in the grower phase, which was lowest for Exp 1 and 3 as compared with Exp 2 (3.86, 3.24, and 4.1 g of NPP/kg of gain, respectively). Values within a column and an experiment with different superscript letters differ (P ≤ 0.05). 
Finisher Phase
Results (gain, feed intake, and FE) from Exp 1 and 2 indicated that the formulated dietary NPP concentration (0.21% NPP, NC) in this phase was not low enough to elicit performance differences that are desirable in a true negative control. For Exp 3, therefore, the NPP concentration was reduced by 16% as compared with the UMD NPP TRT diet, whereas in Exp 1 and 2 a 10% reduction was used.
In all 3 Exp there was no difference in the performance of broilers on either C or UMD TRT. In Exp 3, 42 d BW (2.438 kg) of broilers fed 0.17% NPP with 600 U of PHY (UMD+PHY TRT) was similar (2.422 kg) to that of birds fed 0.35% NPP (C TRT). These results corroborate and extend those reported by Yan et al. (2000) , who reported that there was no difference in the 42 d BW (2.211 kg) of broilers fed 0.35% NPP from that (2.205 kg) of broilers fed 0.26% NPP with 800 units PHY.
In Exp 3, there was no difference in performance between broilers fed the UMD+PHY or C+PHY TRT, but the dietary NPP percent in the 2 diets were 0.17 and 0.25%, respectively. This difference in diet NPP and performance in this phase is reflected in the NPP consumed per gain (3.26 and 5.00 g of NPP/kg of gain for the broilers fed UMD+PHY and C+PHY, respectively, in Exp 3). These results indicate that if PHY is not applied correctly, excess NPP is fed.
Previous research (Skinner et al., 1992a,b; Dhandu and Angel, 2003) has indicated that NRC-recommended (1994) NPP concentrations for the finisher phase are above requirements. Skinner et al. (1992a) reported that removal of any added P from the diet did not affect broiler performance. According to Dhandu and Angel (2003) the NPP requirement of broilers in the finisher phase is 0.20% NPP. Therefore, if dietary NPP is reduced by 0.1% from the NRC (1994) recommended concentration of 0.35%, the resulting NPP concentration would be 0.25%, which would be above the actual requirement, and, thus, not all the P made available by the added PHY would be needed by the animal. 
Withdrawal Phase
In the withdrawal phase, there was a negative effect only when no inorganic P was added to the diet in broilers fed diets containing no additives, (NC, Exp 3). These results are contrary to those reported by Skinner et al. (1992a) . According to Skinner et al. (1992a) removal of supplemental NPP from 42 to 56 d did not have an effect on performance. Skinner et al. (1992a) fed diets that met NRC (1984) recommendations until 42 d before total removal of supplemental NPP, whereas in the current research dietary NPP was reduced in the phases prior to complete removal of supplemental NPP. Prior NPP nutrition, as reflected by concentrations of NPP fed during different growth phases, will affect overall performance and have to be considered when looking at the affect of NPP at any point during growth.
In all 3 Exp, performance of broilers fed the UMD TRT was not different from those on C or NRC (1994) TRT. These results support previous work by Dhandu and Angel (2003) , who found the requirement of dietary NPP in the withdrawal phase was 0.16%. Over the 3 Exp, there was no difference in the performance of broilers fed the UMD+PHY or C+PHY TRT. But the amount of NPP consumed by broilers fed the C+PHY TRT was greater than that of broilers fed the UMD+PHY TRT, which is evident in the higher NPP consumed to gain ratio of broilers fed the C+PHY TRT. In the C+PHY TRT the dietary NPP was NRC (1994) minus 0.1% (0.30 to 0.10%). Given that the requirement of NPP is 0.16% (Dhandu and Angel, 2003) , broilers fed 0.20% NPP (NC) were being fed above the requirement and thus the phytin P that was hydrolyzed by PHY would not have been used effectively.
In conclusion, when performance is the criterion, the NPP requirement and NPP-sparing effect, determined predominantly in battery Exp (Angel et al., 2000a (Angel et al., ,b, 2001 Ling et al., 2000; Dhandu and Angel, 2003) appear to be applicable under floor pen industry-simulated conditions. Furthermore, work that includes performance and bone measurements should be correlated with losses at the processing plant so that feeding at requirements does not cause any negative affects on broiler production from hatch to final marketed product
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